Abstract: The aim of this work is to investigate the presence of Coxiella burnetii in Perameles bougainville and their ticks on two islands off Western Australia. Haemaphysalis humerosa, Haemaphysalis ratti, and Haemaphysalis lagostrophi were collected from P. bougainville on Bernier and Dorre Islands from 2005 to 2007; only Amblyomma limbatum was collected from humans over the same interval. One of 13 tick samples and 1 of 12 P. bougainville fecal samples were positive for C. burnetii DNA using quantitative polymerase chain reaction.
, usually through exposure to placentas and milk of chronically infected domestic ruminants (Berri et al. 2000; Arricau-Bouvery et al. 2003; Barralet and Parker 2004; Masala et al. 2004; Arricau-Bouvery et al. 2005; Guatteo et al. 2006) . While many Q fever cases are clinically mild or asymptomatic, myocarditis, meningoencephalitis, and even death can occur (Raoult et al. 1989; Helbig et al. 2005) . Infection during pregnancy may lead to low birth weight, premature birth, and abortion (Stein and Raoult 1998) .
Hosts of C. burnetii include mammals, birds and arthropods (Enright et al. 1971 ). Chronic C. burnetii infection in animals is usually asymptomatic, though abortion, reduced fertility and low birth weights are possible (To et al. 1988; Arricau-Bouvery et al. 2003) . Early Australian Q fever research showed the northern brown bandicoot (Isoodon macrourus) on Moreton Island, Queensland, was susceptible to the Q fever agent, then named Rickettsia burneti (Derrick et al. 1939; Mackerras and Mackerras, 1960) . Furthermore, the same organism was detected in Haemaphysalis humerosa ticks from Moreton Island, which frequently parasitized I. macrourus (Smith and Derrick 1940; Mackerras and Mackerras 1960) . More recently, kangaroos have been implicated in the spread of Q fever in Queensland (Barralet and Parker 2004) , South Australia (IMVS 1955) and Western Australia (Banazis et al. 2010) .
Given the historical association between Q fever and bandicoots, and the common occurrence of ticks on P. bougainville from Bernier and Dorre Islands, we hypothesized that P. bougainville and their ticks may be hosts of C. burnetii.
Fifty-eight P. bougainville from Dorre (25°03 0 S; 113°06 0 E) and Bernier Island (24°50 0 S; 113°08 0 E) were trapped overnight using baited Sheffield and Elliot traps (approved by: Western Australian Department of Environment and Conservation; Murdoch University Animal Ethics Committee). Traps were cleared early each morning, and 12 bandicoot fecal samples were collected into 70% ethanol for subsequent DNA extraction using a PowerSoil TM DNA Isolation Kit (Mo Bio Laboratories, Carlsbad, CA, USA) performed according to the manufacturer's protocol. Bandicoots were anesthetized using isoflurane (Isorrane, Baxter Healthcare, Australia) and oxygen delivered by mask. Thorough physical examinations were conducted, ectoparasites were collected into 70% ethanol, and, where possible, blood was collected by jugular venipuncture (n = 35). Lithium heparin anticoagulant blood tubes (Becton-Dickinson) were centrifuged, and the plasma was pipetted into Eppendorf tubes and frozen at -20°C. Ticks from 4 human volunteers working on these islands were collected daily into 70% ethanol.
Ticks were examined under a dissecting microscope and identified using appropriate keys (Roberts 1963) . Three tick species were collected from 58 P. bougainville: 17 H. humerosa; 33 Haemaphysalis ratti and 4 Haemaphysalis lagostrophi. All eight ticks collected from humans were Amblyomma limbatum. Thirteen ticks were randomly selected and minced prior to DNA extraction with a QIAmp DNA minikit (Qiagen, Hilden, Germany) following the manufacturer's instructions. DNA extracts were tested by quantitative polymerase chain reaction (qPCR) targeting the IS1111a element and utilizing the TaqMan Ò fluorogenic reporter system for detection. Primers were synthesized by Invitrogen (Mount Waverley, Victoria, Australia) and oligonucleotide probes were supplied by Geneworks (Hindmarsh, South Australia, Australia). Primer and probe sequences, assay conditions, no template controls (NTCs) and the standard curve included with each run were as described previously by Banazis et al. (2010) . Four microliters of template were used and all samples, NTCs and DNA standards were tested in duplicate. Valid qPCR runs showed no amplification of NTCs. One of 13 tick samples tested by qPCR was positive (estimated concentration: 2.4 genome equivalents/ll) ( Table 1 ). This positive tick DNA extract came from a male H. humerosa parasitic on an adult male P. bougainville (ID B06B2), trapped at Red Cliffs, Bernier Island during September 2006. This bandicoot was seronegative for C. burnetii at the time of sample collection. One of 12 P. bougainville fecal DNA extracts was positive according to qPCR (3.7 genome equivalents/ll). This fecal sample came from an adult male P. bougainville (ID B05Do12), trapped during July 2005 at White Beach, Dorre Island. A blood sample was not collected from this individual. To provide template of sufficient length for sequence comparison, C. burnetii DNA was amplified using a conventional PCR with the OMP1/OMP2 primers (Zhang et al. 1998) , with the exception that annealing was performed at 54°C. Cycling was performed on an Applied Biosystems GeneAmp Ò PCR System 2700 (Applied Biosystems, Foster City, California, USA). Sequencing of purified PCR products was performed using the Big Dye version 3.1 terminator kit (Applied Biosystems, Foster City, CA, USA) using the dideoxynucleotide chain termination method (Sanger et al. 1977) . The sequence was determined using an ABI Prism Applied Biosystems 377 automatic DNA sequencer (Applied Biosystems, Foster City, CA, USA) at the State Agriculture and Biotechnology Centre, Perth, Western Australia. Chromatograms were edited using Chromas Lite version 2.0 (Technelysium P/L, Helensvale, Queensland, Australia). Sequence information was compared to the GenBank archive using BLAST (http:// www.ncbi.nlm.nih.gov, accessed 1 November, 2010). Amplicons from this sample (GenBank accession number HM804027) showed >99% similarity to C. burnetii Dugway strain (GenBank# CP700033.1). Thirty-five stored P. bougainville plasma/serum samples from 2003 to 2007 were tested for anti-C. burnetii antibodies using the enzyme-linked immunosorbent assay (ELISA) and kangaroo positive and negative controls as previously described by Banazis et al. (2010) . Three of 35 P. bougainville plasma/serum samples were clearly ELISA positive (Table 2 ). These positive sera were obtained from three adult male P. bougainville from Dorre Island in March 2003. A further two results fell in the 'suspect' range of between 30 and 39% of the absorbance of positive control values. These two sera were obtained from two adult female P. bougainville from Dorre Island in 2003. Thus, the seroprevalence of C. burnetii in P. bougainville from the islands is *8.6-14%, depending on the cut-off value selected. Normalizing test serum absorbance results against positive control absorbance and then implementing a cut-off at a certain percentage of the positive control mean, as performed in this study, has been previously used in research and commercially (OIE 2000) . However, selecting the cutoff value that best delineates the desired sample set requires careful consideration. Banazis et al. (2010) selected a cutoff of !40% of the positive control absorbance. The absorbance values of P. bougainville samples (l = 0.209, r = 0.114) were compared for differences with the absorbance values of kangaroo samples (l = 0.414, r = 0.259) tested in Banazis et al. (2010) , using an independent samples t test with the Statistical Package for Social Sciences (SPSS Inc., Chicago, USA), which showed the absorbances of P. bougainville samples were significantly lower than the kangaroo samples tested by Banazis et al. (2010) (P < 0.05). Because kangaroo sera were used as positive control samples in this study, it may be that the cut-off employed (!40%) underestimated the true prevalence of exposure to C. burnetii in the bandicoots tested. Implementing a cut-off of !30% of the positive control absorbance yielded a further two seropositive animals and it is likely that this cut-off is more appropriate for P. bougainville samples, where lower background reactivity was observed.
It is presently unknown how C. burnetii arrived on Bernier and Dorre Islands. These islands became separated from mainland Australia *8,000 years ago, and are thought to have been uninhabited prior to European exploration (Hancock et al. 2000) . Perhaps the existence of C. burnetii on these islands pre-dates the separation of the islands from the mainland, or alternatively, C. burnetii may have been introduced more recently. Bernier Island was briefly farmed in the late 1800s: cats, mice, sheep, goats and horses were all introduced, though none of these eutherians is thought to persist (Hancock et al. 2000) . It is conceivable that C. burnetii was brought to the islands with infected livestock or rodents, or else may have arrived via infected birds or their ticks. In 1908, the Lock hospitals were established on these islands to house indigenous Australians suffering from infectious diseases (Hancock et al. 2000) . It could be hypothesized that C. burnetii may have been introduced during the Lock hospitals era. Further research may provide insights into the true origin of C. burnetii on Dorre and Bernier Islands, and potentially lead to improved understanding of the ecology and evolution of C. burnetii.
In contrast to the situation in humans and domestic livestock, tick-borne transmission may be epidemiologically important for C. burnetii infections of wild vertebrates (Maurin and Raoult 1999) . Experimental transmission of C. burnetii has been demonstrated in guinea pigs with a variety of tick species (reviewed by Maurin and Raoult 1999) . Ticks that engorge on C. burnetii-bacteremic blood may become infected, support bacterial growth in their stomach and midgut, and subsequently pass phase I C. burnetii organisms in feces onto the skin of vertebrates (Maurin and Raoult 1999 ). Transovarial transmission is also possible and thus C. burnetii may persist across generations of ticks. Translocation of wildlife often inadvertently causes the translocation of pathogens. Where zoonoses are involved, the public health risks may be severe, however, this issue is rarely considered (Cunningham 1996; Woodford 2001) . Bold type denotes seropositivity
Managers of P. bougainville translocations should consider the potential ecological and human health risks posed by C. burnetii infected individuals. Our study detected C. burnetii in P. bougainville feces on Dorre Island and in the 'bandicoot tick' H. humerosa on Bernier Island. Given that I. macrourus is involved in the natural cycle of Q fever, more research should be conducted to determine the role of P. bougainville in a possible sylvatic cycle on Bernier and Dorre Islands. From a public health perspective, such a sylvatic cycle presents a low risk: the bandicoots are shy, nocturnal creatures; H. humerosa was not detected on humans; and the islands are remote and infrequently visited. Nonetheless, people should be aware of possible exposure risk for C. burnetii, through contact with P. bougainville, their feces, and the ticks that parasitize them. Stein A, Raoult D (1998) 
